We summarize the present knowledge on the molecular ionic content in the interstellar medium and in circumstellar envelopes. Emphasis is given on the most recent detections and the related chemical issues.
Introduction
Despite their low fractional abundances relative to molecular Hydrogen (∼10 −4 -10 −8 , corresponding to diffuse and dark regions respectively), molecular ions are an important ingredient of interstellar molecular clouds. They may couple to the ambient magnetic field and allow to slow down the gravitational collapse of star forming regions. We refer the readers to the previous reviews given in this series of conferences on Dissociative Recombination and Applications [1] [2] [3] [4] [5] for the description of the major features of interstellar chemistry. Dissociative recombination is a major process in the full chemical network and the main channel of destruction of positive molecular ions when those do not react exothermically with H, H 2 . It also contributes to the actual neutral molecular content of the ISM through the different weights of the various possible exothermic channels. One illustrative example is provided by the debate on the branching ratios of N 2 H + towards N 2 and NH [6] [7] [8] , leading to the final agreement that N 2 is the major formation product in the DR of N 2 H + . Table 1 displays the presently known ionic content found in the interstellar medium (ISM) and in circumstellar envelopes (CSEs). Both principal and rare isotopic substituted ions are reported. Table 1 also displays the previous mis-identification of HC 4 H + [9, 10] by crossed caracters and indicates through question marks two possible candidates for an observed feature corresponding to a rotational constant of 11244 MHz [11] 1 . Finally, we want to stress that NH + has been searched in the various diffuse regions where the NH, NH 2 hydrides have been detected but that its signature has not been found, despite an available spectroscopy. Molecular ions detected since the last DR conference are displayed in boldface characters and molecular anions are reported in italics. We do not discuss here this class of molecular ions which has been discussed in a specific session of the conference. The present contribution will focus on some recent studies which are still under debate. 
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Chlorine chemistry
With the detection of HCl + in absorption toward the Galactic star-forming regions W31C and W49N by De Luca et al. [12] , the amount of detected chlorine containing molecules allows to show a graphical representation where all chlorine containing species have indeed beed detected in the interstellar medium (but not necessarily in the same line of sight). The corresponding chemical schema displayed in Fig. 1 , is particularly simple and compact, although DR reaction rate constants of both HCl + and H 2 Cl + had not been measured until very recently. The experimental value of the DR rate coefficient of HCl + has been published after the conference [13] and found to be approximated by a fitting function involving 10 parameters, i.e. much more complicated than the usual A T 300 exp(− E/T ) expression. This reflects the detailed physical coupling mechanisms involved in this reaction for which theoretical interpretation is still pending. It should also be stressed that no value has been yet published for the DR rate coefficient of H 2 Cl + , despite experiments have been performed at the TSR. In such conditions, full reconsideration of interstellar chlorine chemical modeling appears premature despite the availability of new observations [14, 15] of chorine containing species which show indeed that theoretical chemical models are far from successful in interpreting the observations. Despite its apparent simplicity, even atomic chlorine chemistry should be considered with care as ionization energy of Cl is 1251.2 kJ/mole, corresponding to 12.967 eV, very close from the ionization threshold of atomic Hydrogen where atomic and molecular hydrogen absorption transitions strongly obscure the ambient radiation field. Also, a complete study of recombination of Cl + including radiative channels and dielectric contribution is not available yet.
Tracers of fully symmetric molecular ions
Fully symmetric molecular species can be observed in absorption through vibrational transitions. A common example is provided by H + 3 which is currently detected in a large number of lines of sight through infrared absorption of the ν 1 vibrational mode [16] . We do not review this ion which is discussed by Oka in this conference. CH + 3 has also been searched in various lines of sight where CH + has been found abundant, but only upper limits have been obtained [17] . However, fully symmetric ions escape all possible detections through rotational spectroscopy as no permanent dipole moment is present. H + 3 contravenes partially that rule as weak rotational transitions may arise from a partial decoupling of nuclear and electronic motions as discussed in [18] , giving rise to so called forbidden rotational transitions [19] . However, such a possibility does not hold for heavier molecular ions such as CH by D induces a slight asymmetry as the center of mass and the center of charges are no more coincident which results in a permanent (small) dipole moment allowing the corresponding deuterated ion to be studied via rotational spectroscopy. We describe below two recent major advances in this direction.
CH 2 D
+
The CH 2 D + molecular ion has been the object of lengthy and difficult observational searches towards different telescopes, both in the ∼67 GHz spectral range at the Green Bank Telescope (GBT), 201.8 and 278.7 GHz at IRAM 30 m telescope and CSO and in a dedicated open time program with Herschel (M. Gerin PI). The astrophysical interest is multiple. First, as mentioned above, the fully hydrogenated corresponding ion CH + 3 has no rotational spectrum due to its symmetric structure. However, replacement of one H by D allows to create some asymmetry and gives rise to a moderate permanent dipole moment estimated to be 0.3D. Then, detecting CH 2 D + may allow to deduce the abundance of CH + 3 which is the starting point of a complex chemistry as pointed out early by [20] and finally better understand the gas phase pathways of molecular complexity. Second, the fractionation reaction between CH + 3 and HD leading to CH 2 D + , studied in a low temperature ion trap [21] , has a significant exothermicity of about 600 K, allowing the reaction to occur at ∼50-60 K in medium warm environments (to the interstellar standards). Third, the spectroscopy of this molecular ion has encountered recent interest both in the Terahertz spectroscopic range [22] and in the infrared [23] , where extremely high resolution measurements allow to derive rotational frequencies at a much better accuracy than in previous studies [24, 25] . Nevertheless, the frequencies available from ground state telescopes have not been directly experimentally studied and a possible unambiguous astrophysical detection would be of great interest. Roueff et al. [26] report observational spectra at the expected 201.8 and 278.7 GHz in the medium warm Orion KL region. Whereas the definitive identification of these spectra with the CH 2 D + carrier is not fully secure, due to the limited number of detected frequencies and the possible blend with methylformate at 201.7 GHz, and as no experimental rotational spectrum is yet available at these frequencies and the environment is very chemically complex, the claim that the observed spectral 06004-p. 3 
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+ is plausible and the deduced abundance is also in reasonable agreement with chemical models. The DR reaction rate of CH + 3 is moderate [27] and has been revisited recently [28] at the heavy storage ring CRYRING. We expect that the corresponding value for CH 2 D + is similar but a dedicated study would be important. In addition, the presence of a permanent dipole in CH 2 D + would help to avoid vibrational and rotational excitation which may always persist in such experiments. The DR reaction competes with destruction of CH + 3 by H 2 through radiative association. This latest reaction is slow and found to decrease with increasing temperature [29] [30] [31] [32] [33] [34] , which reinforces our tentative identification of CH 2 D + towards the medium warm Orion KL region.
NH 3 D
+ NH 3 D + , deuterated ammonium, is another example of close collaboration between observers, experimental chemists, spectroscopists. The fully hydrogenated ion, NH + 4 , is the gas phase progenitor of the astrophysical ubiquitous ammonia interstellar molecule, through it dissociative recombination reaction. The channel to ammonia is the most efficient and the corresponding branching ratio is measured to be 70%-85% from experimental studies [35, 36] . The monodeuterated substitute NH 3 D + has recently been reported as detected via a single rotational transition at 262.8 GHz by Cernicharo et al. [37] . An unknown feature close to the predicted frequency for the J K = 1 0 -0 0 line of NH 3 D + has been first detected in a miraculously void spectral region towards Orion KL. This deuterated ammonium was indeed observed in the infrared in the laboratory by Nakanaga and Amano [38] through its ν 4 vibrational mode from which rotational constants were derived. Higher resolution vibrational spectra allowed to significantly reduce the frequency uncertainties [39] through the same ν 4 vibrational mode and encompassing the detected frequency. The same spectral feature was searched and detected in the B 1 cold molecular cloud, as shown on Fig. 2 . Unfortunately the other transitions of that molecular ion are not available from ground (from the CDMS database [42] ) and the lifetime of Herschel is over. An additional possibility to further constrain the NH 3 D + carrier lies in the nuclear hyperfine structure signature. Both nitrogen and deuterium possess quadrupolar momentum and hydrogen atoms have a nuclear magnetic dipole. So, the resulting hyperfine structure is complex. The detected transition is shown to be very narrow in the cold molecular cloud B1. Then, if the carrier is indeed NH 3 D + , the observations induce a constrain on the nuclear coupling constants which should be investigated through theoretical studies. The dissociative recombination reaction rate coefficient of NH + 4 has been studied theoretically by Douguet et al. [43] in a multichannel quantum defect approach and the isotopic dependence further discussed by Pratt and Jungen [44] for fully deuterated molecular ions. The symmetry breakdown of partial deuteration has to my knowledge not been taken into account in any theoretical study and would be interesting to investigate.
C 3 H + versus C 3 H − ?
In an unbiased deep integration study of the Horsehead nebula environment, Pety and colleagues [11] found several unknown transitions in the so-called PDR (Photon Dominated Region), as shown in Fig. 3 , but no corresponding signal was found at the "core" position, corresponding to a cold and dense molecular environment. It was rapidly recognized that these transition frequencies were multiple of a common single factor, 22.48 GHz. This fact suggested that a common carrier corresponding to a 1 + saturated species was likely and that other transitions could arise for higher rotational quantum numbers at higher frequencies which were available in the spectra. After a successful search of these higher frequency transitions, Pety et al. [11] further suggested that the likely carrier was the C 3 H the most stable geometry of this molecular ion is indeed a closed shell linear form [45, 46] and that the corresponding dipole moment is 3.0 D. As the high resolution available in heterodyne detectors allows a very precise frequency determination, the spectral analysis achieved in the astrophysical spectra resulted both in the determination of the rotational constant B (11244.9474 ± 0.0007 MHz) and the centrifugal distortion constant D e , which was found to be 7.766 ± 0.011 kHz.
As far as chemical processes are concerned, the clear spatial dependence of the astrophysical signal allows to emphasize the role of the UV photons, most probably with the atomic ion C + as the starting building block and the subsequent formation of C 2 H, c-C 3 H, l-C 3 H, c-C 3 H 2 , l-C 3 H 2 , which were also detected in the same PDR environment. The associated chemical network is displayed on Fig. 4 and represents the main feature of the C 3 H + chemistry. Reactions with molecular hydrogen may produce C 3 H + 2 in a slightly endothermic reaction or radiatively associate into C 3 H + 3 and compete with the destruction via dissociative reaction. Then, the ion is predicted to be significantly abundant only in a very restricted area where C + driven chemistry may occur and when molecular hydrogen is not too abundant [11] . We also emphasize that the corresponding experimental spectrum is still not available, although actively searched for since the report of this tentative identification. Aditionally, the transitions expected at lower frequencies in the 80 GHz spectral range were subsequently detected for the first time toward Sgr B2(N) [47] from the publicly available PRIMOS project. The relationship with the neutral C 3 H carbon chain molecule was also emphasized. This identification has been rapidly questioned by theoretical quantum chemists [48] who performed state of the art quantum chemistry calculations of the geometry and electronic structure of C 3 H + . They noticed that, whereas the rotational constant is in reasonable agreement with their derivation from the geometry of the cation, the "observational" distortion constant is definitively too large compared to their theoretical value 4.248 kHz. Slightly later, the same group further suggested that the carrier of the reported spectral features was rather coming from the molecular anion C 3 H − [49] , whose ground state is 1 A 1 , resulting in a slightly asymmetric rotor. Within this hypothesis, the astrophysical transitions detected by Pety et al. [11] would correspond to the K a = 0 ladder of the representative pseudo symmetric rotor.
The observational clue of that suggestion would require detecting the other possible rotational transitions coming from the molecular anion, i.e. the K a = 1 ladder which are in a similar spectral range as those involved for K a = 0. In a joined effort, astrophysicists have gathered all relevant observed data in the different lines of sight and searched these other possible transitions. However, the values of 06004-p.6 the derived frequencies suffer from large error bars, as only (B+C)/2 value is constrained from K a = 0 transitions. In addition the A rotational constant, which is not very well known has a much larger value of the order of 530 GHz, and induces that the lowest energy level with K a = 1, corresponding to J = 1 is of the order of A − (B + C)/2 ∼ 518 GHz above the ground 0 00 level, corresponding to an equivalent temperature of about 25 K. Excitation conditions of those K a = 1 ladder are thus significantly different from those involved in K a = 0. The present situation is that no hint of those transitions has been found in the available spectra [50] , which does not necessarily mean that the negative molecular ion is not present. However, assuming that the K a = 0 ladder transitions of C 3 H − are the carrier of the detected spectra, toward the Horsehead nebula, McGuire et al. [50] + . Then, we should comment the likelihood of the chemical processes involved in the formation of C 3 H − . In the simple hypothesis reported on Fig. 5 , that the anion is in equilibrium between associative attachment of C 3 H described by the k a reaction rate coefficient multiplied by the electronic abundance and the efficient photodetachment probability k of the anion in the PDR, the resulting
Without trying to include hypothetical numerical values in the various terms, the equation shows clearly that the ratio is maximum when the photodissociation probability is small, which does not correspond to the PDR location but rather to the "Core" conditions. This remark should be tempered by the fact that the neutral carbon chain molecules are only found in the PDR [51] , so the final clue on that problem lies in the laboratory attempts. Let us recall that the presence of these carbon chain molecules at the PDR location of the Horsehead nebula is a chemical puzzle as well and that Teyssier et al. [51] suggested they were resulting from the photodissociation of PAHs. As a final remark, we stress out that these transitions have not been found in cold dark molecular clouds such as B 1 and special conditions are definitively required to allow the presence of this molecular ion, as no debate is opened on the ionic property of the carrier.
Summary
We have emphasized some remaining unknown DR reaction rate coefficients. Halogen containing molecular ions are still waiting for quantitative values of DR rate coefficients and corresponding branching ratios. We urge the experimentalists to publish their values which are badly missing for interstellar chemical models. The debate about C 3 H + or C 3 H − will only be solved after definitive spectroscopic measurements 1 . Meanwhile, chemical processes need to be further constrained: the 1 A novel mass-selective action spectroscopy method based on light induced reactions [52] allowed to obtain the rotational spectrum of l-CH + 3 and confirm the astrophysical identification by Pety et al. [11] .
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EPJ Web of Conferences quantitative value of the total DR of C 3 H + is not available until now as well as the radiative attachment rate coefficient of C 3 H. Both mechanisms are relevant for the DR community and we sincerely hope that the issue will improve in the following years.
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